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CHAPTER I: INTRODUCTION 
Introduction 
The Ronald G. Eaglin Space Science Center (SSC) is located on the Morehead 
State University (MSU) campus in Morehead, Kentucky. The SSC offers 
opportunities to its students to conduct various research opportunities. These include 
the use of the 21 Meter Space Tracking Antenna (21 M STA) reconstructed on the 
campus in 2004 and the progressive construction of a 24 foot I 7.3 meter antenna 
started in 2008. The SSC also plans to construct further parabolic antenna dishes for 
an increased ability to conduct a wide range of radio astronomy and ground support 
station capabilities for satellite operations. Of these, there are two 25 foot and one 40 
foot parabolic antennas in storage awaiting reconstruction. The recent 24 ft addition 
was reconstructed as an undergraduate project to be completed in May 2009. As part 
of this reconstruction, two existing antenna feeds were tested at L-band as this will be 
one of the primary functions of the antenna. 
General Area of Concern 
The addition of this secondary antenna is vital for the continued research 
conducted by students and staff at the SSC. The construction of the 24 ft antenna was 
the basis upon which many future undergraduate and graduate opportunities could be 
explored in maximizing the operational ability of the dish. One such research 
involves testing and analyzing the existing feeds of the antenna. In conjunction, 
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development of a feed support structure is necessary as well as mathematically 
defining the dish geometry so as to compare this to the performance of the feeds. This 
is necessary to determine whether or not the existing feeds are capable of functioning 
with the geometry of the 24 ft parabolic dish. This analysis also includes the design of 
possible new feed(s) as needed to conduct operations in L-band radio astronomy. The 
ultimate goal is to have as wide a frequency regime as possible. Other frequency 
bands that are desired for research are S, C, and Ku, for which the dish geometry 
must be analyzed to determine feasibility for the addition of these frequency regimes. 
In optimum circumstances, the feed system should be designed specifically 
for a single antenna and its characteristics. This is time consuming, challenging, and 
expensive to undertake. For the 24 ft antemia, two feeds were pre-constructed by 
members of the Jupiter Space Station (JSS) in Clemson, South Carolina where the 
antenna and all its support structure originally came from. These feeds were never 
tested nor attached to a feed support structure, so their performance was unknown as 
well as how they would be mounted to the dish structure. In order to resolve these 
issues, new feed systems were not constructed but instead testing of the existing 
structures was conducted at L-band (1.2 - 2 GHz). 
L-band is primarily focused on radio astronomy research although several 
telecommunications equipment operates within this band as well. The primary focus 
of the S-band and Ku-band are for telecommunications. Specifically of interests are 
satellite operations within the S-band including the work of Ky-Sat, the pico-class 
satellite research conducted by a consortium of Kentucky universities. (Kentucky 
Science & Technology Consortium) The addition of a secondary antenna to the 
existing 21 M STA provides numerous opportunities, namely for L-band radio 
astronomy to train students, as a secondary antenna to track targets in conjunction 
with the 21 M STA, and to serve as a back-up station for ground support in satellite 
operations. 
This research anticipates that the 24 ft antenna has a reconstructed geometry 
very similar to its original antenna design, although the support hub and feed support 
are different from its factory specifications. Research also anticipates that the two 
existing feeds are within operational limits to be used for L-band operations. Along 
with this, the redesign of better alternative feeds that more closely match the dish 
geometry are provided. Alterations to the feed support design were included as well 
to ensure optimum placement and functioning of the feed. All work is focused on 
increasing the 24 ft antenna's operations at L-band radio astronomy. 
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Examples of such astronomical research include: 1.) solar, lunar, and 
planetary observations, 2.) star formation, supernova, and existing stellar regions, and 
3.) observations of the Milky Way galaxy and other galaxies in order to map active 
regions. 
Statement of the Problem 
The purpose of this research project was to analyze the test of existing feeds 
for the 24 foot parabolic dish antenna at the SSC as well as analyzing the dish 
geometry and feed support infrastructure in place. This data was then used to 
determine if the existing feeds were capable of conducting research in the L-band 
range. In order to do this, the geometry of the dish must meet the geometry of the 
feed beam. A feed support was also designed that works within the requirements of 
both the dish and the feed. 
Significance of the Study 
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The 24 ft antenna dish as it stands now is not operational because no feeds 
have been tested and analyzed for it nor have the performance characteristics been 
compared to dish geometry to determine any alterations needed for a feed system. 
Making the antenna operational involves the completion of several components, such 
as motor drives, power, data relay, and feed support. This study was conducted to 
resolve the lack of a feed and feed support system. 
Research Objectives 
1. Collect and review the data for testing the two existing feeds that came with 
the 24 ft antenna dish. 
2. Calculate the performance of the two feeds and the antenna at L, S, C, and Ku 
Bands. 
3. Determine dish geometry. 
4. Determine functionality of existing feeds to dish geometry, including a 
comparative analysis and evaluation of both. 
5. Design as well as comparatively analyze and evaluate alternative feed(s). 
6. Design feed support structure to meet dish geometry and feed design. 
Assumptions 
• Accurate data was obtained using the anechoic chamber at the MSU SSC. 
• Dish geometry remains as close to constant as possible, neglecting normal 
wear and tear of equipment. 
• The existing partial feed support structure of the 24 ft antenna will remain 
intact and that the feed support includes this in the future. 
• L-band is the primary function of this antenna. 
Limitations 
• No feed was actually tested on the antenna as it is still under construction. 
• Actual performance may vary greatly from theoretical and test data collected. 
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• The addition of a third (polarization) drive may not be practical or accepted in 
the final design of feed support depending on power allocation to the site as 
well as infrastructure. 
Definition of Terms 
Antenna feed or horn - Antenna feed, or horn, refers to the components between an 
antenna and an amplifier. In this case, reference to the feed horn is the same as 
antenna feed. 
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Antenna gain - The ratio ofa signal that is received or transmitted by a given antenna 
compared to an isotropic (dipole) antenna, an antenna that has equal radiation and no 
losses. 
Radiation pattern - Graphical representation of the spatial distribution of radiation 
from an antenna as a function of angle. 
Anechoic Chamber A room where the walls, ceiling, and floor have been covered 
with acoustic absorbing material so as to eliminate reflections. Used in this instance 
to eliminate signal reflections and to imitate free space conditions. 
Free space Free space is a concept of electromagnetic theory that acts theoretically 
as a perfect vacuum, allowing electromagnetic waves to travel without any variations. 
Beamwidth- Refers to the angular coverage of an antenna.beam of energy, often 
measured at full illumination and half-power. 
Half-Power Beamwidth - The angular coverage of an antenna beam at half-power (-
3dB of gain from main lobe) with reference to the main lobe. 
L Band IEEE standard 521-2002 of 1-2 GHz of the electromagnetic spectrum. 
S Band - IEEE standard 521-2002 of 2-4 GHz of the electromagnetic spectrum. 
C Band- IEEE standard 521-2002 of 4-8 GHz of the electromagnetic spectrum. 
X Band IEEE standard 521-2002 of8-12 GHz of the electromagnetic spectrum. 
Ku Band- IEEE standard 521-2002 of 12-18 GHz of the electromagnetic spectrum. 
Directivity- A figure of merit for an antenna measuring the power density an actual 
antenna radiates in the direction of its strongest emission, relative to the power 
density radiated by an ideal isotropic radiator antenna radiating the same amount of 
total power. 
GIT - Gain (dB) of the antenna over the system temperature (K.). 
Network Analyzer - An instrument used to analyze the properties of electrical 
networks, especially those properties associated with the reflection and transmission 
of electrical signals. 
Parabolic Dish or Reflector -A reflective device used to collect or project energy 
such as light, sound, or radio waves shaped as a circular paraboloid so as to focus all 
the energy at a single focal point. 
7 
VSWR - Voltage Standing Wave Ratio is a ratio of the amount of transmitted energy 
to reflected energy in a load or signal source path. 
Focus - In this case, is the point where energy is focused due to the shape of the 
parabolic reflector. 
f/D - Ratio of antenna focal length to antenna diameter. Higher ratio means a 
shallower dish. 
Focal length- The distance from the focus to the center of the parabolic reflector. 
Antenna aperture - The opening of an antenna horn where radiation is allowed to 
enter into the feed system. 
Wavelength - The distance over which one cycle of the signal travels. 
Free space loss - The loss in signal strength of an electromagnetic wave that would 
result from a line-of-sight path through free space, with no obstacles nearby to cause 
reflection or diffraction. 
Efficiency- The ratio of the output to the input of any system. The closer to 1 
(100% ), the better the efficiency of the system. 
Taper - Tapering is the act of lowering or diminishing the size or amount. In this 
case, tapering is used in signal reduction. 
Spillover - The part of the radiation pattern of the feed that does not intersect the 
parabolic reflector. Added noise from the ground and atmosphere are attributed to 
spillover. 
Illumination-The pattern of the power of the antenna horn. Of most interest from 
this pattern is the projection of the antenna power beam onto the dish surface, how 
much of the dish surface is effectively "illuminated." 
llTmin -The minimum detectable temperature allows for determining the smallest 
change of temperature that this antenna system can detect; the smallest power source 
that can be detected. 
!lSmin - The minimum detectable flux density is the weakest detectable radio 
frequency signal from space. 
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CHAPTER II: REVIEW OF LITERATURE 
Background 
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The Ronald G. Eaglin Space Science Center (SSC) was recently relocated to 
its new building in July of2009 on the Morehead State University (MSU) campus in 
Morehead, Kentucky. The programs offered as well as the SSC are entering their 
second decade at the university. They have come far from their humble beginnings at 
the university to include the construction of a multi-million dollar new facility, 
reconstruction of a 21 meter parabolic dish antenna for research, construction of a 24 
foot dish antenna, installation of a UHFNHF infrastructure, and many more antenna 
construction opportunities soon to begin. Also at their disposal is an array of test 
equipment, accessible to both faculty and students. 
21 Meter Space Tracking Antenna 
The 21 Meter Space Tracking Antenna (21 M STA), shown in Figure 2.1, was 
completed in 2004 and serves the SSC in research conducted at L, S, Ku, and recently 
tested C frequency bands. The sensitivity and versatility of the telescope design will 
facilitate the investigation of a wide variety of astrophysically interesting phenomena. 
(Morehead State University, 2005) This is evident in the fact that since its completed 
construction in 2004, the antenna has been used to collect data on several 
astronomical phenomena such as the data depicted in Figures 2.2 and 2.3 as well as 
being included in satellite ground support operations. Tables 2.1 and 2.2 list, 
respectively, the radio frequency (RF) and the primary mechanical performance 
characteristics of the 21 M STA. The 21 M STA has become a pivotal tool for 
faculty and students alike, providing numerous research opportunities. 
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Figure 2.1: 21 M STA photo taken by M. Combs, 2004. Retrieved from Morehead 
State University: Space Science Center website. (Morehead State University, 2004) 
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Table. 2.1: RF Performance of 21 M STA at Ku and L Band. American Institute of 
Aeronautics and Astronautics, B. Malphrus, 2008. Retrieved from Morehead State 
University: Space Science Center website. (Morehead State University, 2008) 
Performance Criterion Ku-Band L-Band 
Half-Power Beam Width (HPBW) 1.8 34.8 
( arc minutes) 
Antenna Gain G ( dBi) 65.96 48.05 
LNA Temperature TLNA (K) Theoretical: 70.0 Theoretical: 25.0 
Experimental: 70.0 Experimental: 23.6 
Aperture Efficiency T] 0.5486 0.5528 
System Temperature Tsys (at 40° 48.0 45.0 
elevation) (K) 
G/fsys (at45° elevation) (dB/K) 443 312 
~min* (Jy), .M = 1 second Theoretical: 1.16 Theoretical: 0.67 
Experimental: 2.0 Experimental: 2.0 
~t= 10 seconds Theoretical: 0.37 Theoretical: 0.21 
~t= 30 seconds Theoretical: 0.21 Theoretical: 0.12 
' 
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Table 2.2: 21 M STA Mechanical Performance Characteristics, Including some RF 
calculations, American Institute of Aeronautics and Astronautics, B. Malphrus, 2008. 
Retrieved from Morehead State University: Space Science Center website. 
(Morehead State University, 2008) 
Performance Criterion Exnected/Calculated Values 
Anertm:e 
Diameter 21.0m 
Surface ToleranceJiil 35 mob 0.166"-0,019"<.020" RMs 
Anerture Efficiencv ( '7) 75%i70% (72%) 
... 
F/D .. . 363 




AzSpeed >3 ° /sec 
El Speed 1.5 ° /sec 
Az Acceleration 2 o /s2 
El Acceleration 0.5 ° /sec 
Pointing Error L/Ku 0.0090 °RMS 
Resonance >2Hz 
Range Azimuth=+ 270 ° , Al. = -2 ° -92 ° 
Radio Fre11uencv (RF\ 
Antenna Gain L/Ku 48.75/66.38 
LNA Temperature 25° K/70° K 
T ,~,, 400) 45 ° /70.30° 
GIT In) 45· 0 .· 28.6/44.1 . ' --· * . 
---::::-; •··' 
2KK,T,~, 
/1Smm = r;A,.Jl1vtit 
Assume: Ks=l, 0.047 Jy (ls) 
11t =ls 
.· ... l::.v 6' 3x10 :Hz ... ,,'. 
~ 
HPBWz (t58 ° 
HPBWx,, 0,03 ° 
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Figure 2.2: Scan radio source related to Crab Nebula in constellation Taurus taken 
February 26, 2005. A .Shelley, B. Atwood. Retrieved from Morehead State 
University: Space Science Center website. (Morehead State University, 2005) 
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T~e map data for Cass A dbov~ wa~ t~ken with the MSO 2lm radio antenna on 
April 14, 2005 at 2:00pm~ST. Datd includea 3.2 deqreeH nf d~clination and 8 
degreea of azimuth(RAJ. The d~t~ mapa also includes cho voltage obtained by 
the radio nntenna for this object. 
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Figure 2.3: Data map of Cassiopeia A created from scans similar to Figure 2.2, April 
14, 2005. (A. Shelley, B. Atwood, 2005). 
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7.3 M/24 ft Antenna Dish 
The increased use of the 21 M STA was excellent for research opportunities at 
MSU, but ultimately diminishes the availability of the dish since only a single project 
can be undertaken at a time. In order to resolve this issue, the reconstruction of a 24 
ft parabolic dish antenna was conducted by Anthony Shelley in late 2008 as an 
undergraduate project. The construction of the 24ft antenna was made possible by the 
generous donation by Dr. John Bernard of the Jupiter Space Station's (JSS) materials 
out of Clemson, South Carolina. The antenna was disassembled by Anthony Shelley, 
Benjamin Malphrns, and Michael Combs of the MSU SSC with help from the JSS 
team and brought back to Morehead State University in early 2006 and stored away 
until the opportunity arose for its reassembly in late 2008. Additional construction 
data and site information data can be found in Appendix A. The primary focus of the 
new antenna is to be operational for radio astronomy at L-band. The selection of L-
band is due to the fact that the spectral emission line for hydrogen (HI) exists in this 
frequency range, the major composition of most astronomical matter in the universe. 
Due to this fact, it is optimum for training people to conduct radio astronomy 
observations, such as those in Figure 2.2 and 2.3, and to allow researchers to have 
hands-on training with a smaller antenna before they ever use the 21 M STA. The 24 
ft antenna is also practical for doing research not only separate from the 21 M STA 
but also in conjunction. The end goal is to have performance and RF characteristics 
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for the 24 ft antenna similar to those of the 21 M STA. These two antennas serve as a 
basis for creating a future interferometer structure at MSU, also shown in Appendix 
A. 
L-Band Radio Astronomy 
The 24 ft antenna is certified to operate up through the Ku band. This means 
that the dish can operate in L (1-2 GHz), S (2-4 GHz), C (4-8 GHz), X (8-12 GHz), 
and Ku (12-18GHz). (IEEE, 2003) These are important for different unique 
chemistry spectral line emissions. Most notably are hydrogen (HI), hydroxyl (OH), 
methyladyne (CH), formaldehyde (H2CO), and methanol (CH2OH). (International 
Astronomical Union, 1991) Of particular interests is the HI emitted centered around 
1420 MHz with a bandwidth of 1370-1427 MHz. HI is significant to astronomical 
research as hydrogen is the most abundant elemental matter in the universe. Figures 
2.2 and 2.3 are created using the 1420 MHz HI signal received from the source. 
When the Universe was formed in the Big Bang, the resulting elemental matter was 
about three-quarters hydrogen, one-quarter helium, and a few parts-per-billion of 
lithium (by weight). (Palmer, 1997) The amount of hydrogen still present in the 
universe is essentially the same, making radio astronomy observations at 1420 MHz 
one of the most observed spectral lines of astronomical phenomena to date since it is 
readily accessible by the means and budgets of amateur and professional astronomers 
alike. 
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In 1944 Hendrik van de Hulst predicted that the cold atomic hydrogen (HI) 
gas should emit a particular wavelength of radio energy from a slight energy change 
in the hydrogen atoms. (Strobel, 2010) This energy results from changes in spin 
between the electron and the proton of the hydrogen atom. Molecular hydrogen can 
have its proton and electron in the same spin-state (parallel) or in direct opposite spin-
state (anti-parallel). The energy is greater in a parallel spin-state than in anti-parallel. 
From physics, it is known that the electron always prefers to be in a lower state of 
energy, in this case it prefers to be anti-parallel in spin. In order to change its spin-
state, the electron must give off energy. This change in energy and resulting wave of 
energy provides the 21cm (1420MHz) spectral line of hydrogen. 
'J,,, = c/f, where 'J,,, = wavelength, c = speed oflight, & f = frequency 
'J,,, = c/f= 3 x 108 (mis)/ 1420 (MHz(or 1/s)) = 0.21 m 
Since most of the elemental matter in the universe consists of hydrogen and thus 
many astronomical objects consist of hydrogen, radio astronomers can use this 
spectral line to observe the fair majority of astronomical phenomena. 
Feed Design 
The first real microwave gain antenna was a cylindrical parabola developed 
by Heinrich R. Hertz in 1888. Hertz wrote, "As soon as I had succeeded in proving 
that the action of an electric oscillation spreads out as a wave in space, I planned 
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experiments with the object of concentrating this action and making it perceptible at 
greater distances by putting the primary conductor in the focal line of a large concave 
parabolic mirror." {Shuch, 2003) 
The two pre-existing feeds that came with the 24 ft antenna are both 
constructed in the coffee can method. This feed style is common among amateur 
radio astronomers because it is not only easy to construct, but is surprisingly 
effective. The feed got its name from early amateur antenna enthusiast who 
fashioned a feed horn from an empty coffee can, typically on the order of 15-23 cm in 
diameter with 15.6 cm becoming very popular such as is the two existing feeds 
(pictured in Appendix B). Cylindrical feed is the proper term for this feed shape 
which is one among several choices that antenna makers and designers can choose 
from. Table 2.3 shows a list of common feed antenna shapes. 
Table 2.3: Feed Types vs. Best £ID Ratio. Retrieved from "WlGHZ Online 
Microwave Antenna Book" website. (Wade, 2003) 
Feed Best f/D 
Backfire Helix -
Backward feeds . " 
.Cassegrain 
. - . 
Chaoarral 0.3-0.45 
Circular waveunide rear feed 0.3-0.4 
Clavin 0.3 - 0.4 
Coffee Can 0.25-0.4 
Conical horn > 0.4 
Corrmrated horn >0.4 
Cvlindrical horn 0.25-0.4 
Diagonal horn > 0.3 
DC3QS · 0.25- 0.3 
DK2RV 0.3 --: 0.4 




G4ALN(Penny) 0:25 -0.3 









Love (diagonal horn) >0.3 
NBS (see EIA) 0.4~0.6 




Pyramidal horn >·0.45 
Rear feeds -




Sletten ·. 0.25-0.3 




W2IMU 0.5 -0.8 
W7PUA Double Handlebar 0.3 -0.5 
Table 2.3(continued): Feed Types vs. Best fi'D Ratio 
Those shaded in gray have an optimal fi'D ratio that differs from the antenna studied if 
stated, uses a rear fed method which was not covered in this research, or the feed is 
simply not tested because it does not match the current feed and antenna under 
research. Those in bold are the main focus of this research as they include 
cylindrical, coffee can, and Chaparral feeds which were preferred for further 
investigation as feed design. 
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Chaparral feeds are a small modification to the basic coffee can feed that can 
provide improvement in illumination efficiency and minimize power loss to 
sidelobes, spillover, and under illumination. This modification is brought about by 
adding a ring or rings to the cylindrical horn shape, examples are shown in Figures 
4.10 - 4.13. The spacing of the ring or rings as well as the depth of the ring structure 
have just as much effect on shaping the beam of the feed as the placement of the ring 
on the feed. The rings may be added flush to the rim of the aperture of the original 
cylinder or projecting or behind the rim. The effects of differing ring widths, depths, 
number of rings, and placement of ring structure used can sharply vary the beam 
shape. The end goal of adding such a ring structure is to optimize the antenna 
efficiency. 
CHAPTER III: METHODOLOGY 
Restatement of the Problem 
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The 24 ft parabolic dish antenna at the SSC ofMSU lacks a feed or feed 
support structure. This research project was conducted to resolve the lack of feed, 
feed support, antenna analysis, or dish geometry analysis. In order to accomplish this 
goal, the data from two pre-existing antenna feeds that were tested for the first time to 
obtain performance data during construction of the dish was collected and reviewed. 
Dish geometry was to be calculated to determine if the existing feeds would work 
with the dish geometry. Along this analysis, a feed support structure was developed 
that works for both the feed and the geometry of the 24 ft antenna. 
Restatement of Objectives 
1. Collect and review the data for testing the two existing feeds that came with 
the 24 ft antenna dish. 
2. Calculate the performance of the two feeds and the antenna at L, S, C, and Ku 
Bands. 
3. Determine dish geometry. 
4. Determine functionality of existing feeds to dish geometry, including a 
comparative analysis and evaluation of both. 
5. Design as well as comparatively analyze and evaluate alternative feed(s). 
6. Design feed support structure to meet dish geometry and feed design. 
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Dish Geometry & Performance Calculations 
The parabolic reflector functions due to the geometric properties of the 
paraboloidal shape: if the angle of incidence to the inner surface of the collector 
equals the angle ofreflection, then any incoming ray that is parallel to the axis of the 
dish will be reflected to a central point, or "focus". (Wikipedia, 2010) 
Included in the dish geometry analysis are several theoretical calculations of 
antenna performance and shape, actual measured values will undoubtedly vary. The 
purpose of these calculations is to provide a basis on which to reference. The 
calculations to be done, in order, are as follow: 
1. f7D ratio, where f = focal length & D = diameter of dish 
2. f= (fi'D) * D 
3. radius of dish, r = D/2 
4. depth of dish, d = D2 / (f * 16) 
5. distance from f to rim at center, x = f - d 
6. focus to rim, 1 = f + D 
7. antenna aperture, A = diameter of open end of cylinder feed 
8. angle from center to edge of dish, 00 = 2 * tan-1(1 / (4 (f ID))) 
9. beamwidth, 0 = 2 * 0o or 0 = 4 * tan-1(1 / (4 (f ID))) 
10. speed oflight, c = 3 x 108, constant 
11. frequency, F = operating frequency 
12. wavelength of frequency, AF= c/F 
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13. wavelength of dish, lo = DI "-F 
14. wavelength of feed, "-A = Af "-F 
15. free space loss (edge), LFsE = l/ / (4nl)2 & in dB, LFsE(dB) = l0*log10(LFsE) 
16. free space loss (center), LFsc = l/ / (4nf)2 & in dB, LFsc(dB) = lO*log1o(LFsc) 
17. free space loss difference, LD(dB) = LFsc(dB) - LFsE(dB) 
18. half-power bearnwidth, HP= 66°/lo & HP= (70*lF)/D 
19. efficiency of antenna, T] = constant, percent efficiency of antenna 
20. gain of antenna, G = (nD!A.F)2 & in dB, G(dB) = 10*log1o(G) 
21. effective aperture area of dish, Aerr = (l/ * G) / (4n) or (n*D2)/4 
22. spherical spreading loss at the aperture edge LsrH ( dB) 
= 20*log10[l +(1/(16(f!D)2)] = 20*log1o[(l +cos !lo)/2] 
23. feed taper estimate, FTE(dB) = 10 dB, constant, rule-of-thumb for 10 dB down at 
edge 
24. edge taper, ET( dB) = LsrH +FT & edge illumination, EI= -ET 
25. pedestal height, C = lO"(EI / 20) or lOEY20, solving EI= 20*log[C] for C 
26. part of HP equation to evaluate the earlier calculation of HP at 10 dB down at 
edge, k[l] = -0.015*EI + 1.02 
To evaluate HP with the calculated value of C, 
k[2] = -0.015*C(dB)+ 1.02 
27. HP = kA./D radians, HP* 180/n for degrees, for both k[l] and k[2] 
28. two calculations for aperture taper efficiency, i:1 ,where n = 2 for parabolic 
squared taper on a pedestal (Page 320-321) (Stutzman & Thiele, 1998) 
= [C+((l-C)/(n+ 1))]2 / [C2+((2C(l-C))/(n+ l)+((l-C)2)/(2n+ 1 )] & 
= 0.019*C(dB)+l.06 
use 1- Et as a rough estimate of dB loss ( Et (dB)), 
use [antilog(Et(dB))-1]*290 to estimate temperature contribution to system 
(Ts,) 
29. to calculate spillover efficiency, es= 1 - cos2"+1 00, 
use 1- E5 as a rough estimate of dB loss (s, (dB)), 
use [antilog(e,(dB))-1]*290 to estimate temperature contribution to system 
(Te,) 
30. next, calculate illumination efficiency, E; = Et*E, 
use 1- E; as a rough estimate of dB loss (e; (dB)), 
use [antilog(e;(dB))-1]*290 to estimate temperature contribution to system 
(Te;) 
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31. feed blockage efficiency can also be roughly calculated, although this is minimal, 
Ebk = [1-(1/ Et)(A/D)]2. 
use 1- Ebk as a rough estimate of dB loss (Ebk (dB)), 
use [antilog(Ebk(dB))-1]*290 to estimate temperature contribution to system 
(TEbk) 
32. random surface error efficiency is a minimal dB loss as well especially as 
observational frequency increases, but may be calculated, estimated as 0.00IA. 
Ers = e·<4non.r2 = 685.8(13/A.)2 (dB)= 685.8(0.001)2 (dB) 
use [antilog(E,,(dB))-1]*290 to estimate temperature contribution to system 
(TE,,) 
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33. calculate aperture efficiency, Eap = E1*E,* Ebk*Ers, there are more efficiencies that 
could factor in but these 4 are the major factors in dish aperture efficiency 
use 1- E,p as a rough estimate ofdB loss (Eap (dB)), 
use [antilog(Eap(dB))-1]*290 to estimate temperature contribution to system 
(TE,p) 
34. recalculate gain, G, with the original aperture efficiency, TJ, & again with the new 
aperture efficiency, Eap, factored in 
G = ri*(1tD1Ap)2 & in dB, G(dB) = IO*log10(G) 
G = Eap *(1tD1Ap)2 & in dB, G(dB) = IO*log10(G) 
34. for L-Band only, it is then desired to compare this -10 dB FT with the minimum 
of IO dB total (LsPH +FT), thus repeating steps 23-30 with the minimum FT, 
FT = 1 OdB - LsPH , & the FT calculated for both feeds 1 & 2 
35. calculating antenna temperature is next, Ta= 0.876*Ta'+36, where Ta'= antenna 
losses in Kelvin from the efficiency calculations+ 1 IK (including 3K CMB 
background, 3K atmospheric losses, SK ohmic losses)+ 25K (Tsky, taken 
from average of temperatures between 5-90° antenna pointing angle chart 
(Blake, 1962) 
36. calculate receiver temperature, Te, for which it was assumed to have similar 
characteristics to that of the 21 M STA where LNA T = 25K & transmission 
loss, Tr,= IK,Te=26K 
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37. calculate system temperature, Tsys =Ta+ Te 
38. then determine the estimated minimal detectable temperature, 
LiTmin (K) = [Ks*Tsys]/[sqrt(Liu*Lit)], where Ks= 1, sqrt= "square root", Liu 
= observational antenna horn bandwidth(! GHz is assumed), & Lit= I s 
39. then determine the estimated minimal detectable flux density, 
LiSmin (Jy) = [2*K*Ks*Tsys ]/[ Eap * A *sqrt(Liu* Lit)], where K = Boltzmann's 
constant of 1.38 x 10·23 J/K, Ks = !, sqrt= "square root", Liu;= observational 
antenna horn bandwidth (1 GHz is assumed), & Lit = 1 s 
40. the last calculation is the "figure of merit" or system gain over system 
temperature, G/T(dB/K) = G(dB)- l0!og(Tsys), which defines the end gain 
when all loses are calculated in [Note: first value is optimal gain (100% 
efficiency), second value is the original efficiency ( 11) estimate, & the third 
value is with best calculated aperture efficiency factored in (eap)] 
Antenna Testing 
The testing of the two existing antenna feeds was conducted using the 
following methods and equipment. Pictures of test equipment and the anechoic 
chamber used can be seen in Appendix B along with pictures of the feeds tested. 
VSWR Testing 
Voltage Standing Wave Ratio (VSWR) is a measurement of mismatch 
(reflected or lost power) in a RF system, such as a cable, waveguide, or antenna 
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system. This test measures the amount of reflected energy at the frequency under test 
in the anechoic chamber. From this data, it can then be determined if the feeds have a 
great enough VSWR to be useable. 
lr.tecttr 





Figure 3.1: Complete Antenna Test Structure 
The return loss was then tested for the individual feeds. These tests used the 
setup shown in Figures 3 .1. The equipment used to test return loss included a scalar 
network analyzer (HP8757) with detectors (HP1164A) on both the "R" reference 
channel (transmit antenna) and the "A" antenna return loss channel (receive antenna), 
a signal sweep generator (HP8350B) to produce the desired frequency under test 
(transmit frequency), a power splitter (Weinschel 1506 P/D) to send the test 
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frequency generated by the sweep generator to both the "R" reference channel of the 
analyzer and the antenna under test in the anechoic chamber, a highly precise 
directional coupler (NARDA 5292) as the signal separator (used to decipher the 
reflected signal form the transmission signal), and a laptop computer (Dell Inspiron 
600m) to manually record the data in Microsoft Excel. Attached to the test port of the 
directional coupler is a dummy load with a return loss greater than what is trying to 
be measured from the antenna under test in the anechoic chamber. 
The scalar analyzer "R" channel (reference channel) is connected to one of the 
detectors which is connected to the power divider. The signal generator produces the 
desired frequency under test which is then split through the power divider to send this 
reference signal to both the "R" channel of the network analyzer and to the antenna 
feed under test on the other end in the anechoic chamber. Channel "A" is simply 
connected to the detector at the back end of the anechoic chamber to collect the 
reflected signal from the antenna under test. The ideal antenna would transmit all the 
energy sent to it, making it 100% efficient. Most antennas in real world applications, 
though, reflect back a portion of the energy sent to it. This difference in transmit and 
reflected energy is referred to as return loss which is analyzed in this research project 
as the difference between channels "A" and "R", or "AIR", which is displayed on the 
network analyzer. The detected energy at the receive end, or back end of the 
anechoic chamber, is displayed as Channel "A" on the network analyzer. The 
network analyzer takes the ratio of the power in Channels "A" and "R." This ratio is 
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helpful in the fact that it reduces error due to variation in the signal generator output 
(reference signal power) and the detected signal (antenna signal power). 
With the antenna under test, the closer the antenna performs to 100% energy 
reflection (0 dB loss), the worse the performance. Conversely, as the transmission of 
energy increases (<0 dB loss= increased antenna gain), the feed performs better. In 
other words, a greater -dB value is preferred which translates to a better performing 
antenna that collects more of the energy sent to it than is reflected back. With this 
data, the plot for the beam pattern of the feed can be made. The annotated version of 
the test procedure used is listed in Table 3 .1. The test had been originally completed 
in the initial research before this paper and is not recreated here. Both feeds are 
within the 20dB range, which makes them useable. This test is mentioned as a basis 
for the gain and illumination tests that were then conducted using the same setup. 
Table 3.1: Antenna VSWR Test Procedures 
Tum on equipment (signal sweeper (8350B), network analvzer (8757)) 
When 8757 starts & DAC bit fail, then press "MEASURE MENU'' 
Engage "PRESET" Green Button - Zeros all states of 8757 & 8350, sets to default 
First step sweeper (8350), tum off"square MOD" 
Start at 1.3 GHz 
Stop at 1.648 GHz 
Power level is lOdBm (tum CW filter off) 
Sweeper done 
Then 8757 machine tum off channel 2 (gets rod of2"0 trace) 
Scale at 1 0dB 
MEAS at AIR 
REF Level at 0dB 
DISPLAY ''MEAS - MEM" 
CURSOR - use knob to set cursor to frequency of interest 
Record data to Excel, measuring gain at 1.421 GHz & taking average over band 
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Gain Measurement & Illumination Function 
The same test equipment setup used for VSWR was also used to conduct the 
gain measurements of the horn antennas through a full cycle (360°) of rotation in 
order to be able to plot their illumination. The test structure used to rotate the antenna 
under test, as shown in Figure 3.1, was constructed using an anechoic chamber, mast 
structure to fixate the feed to be tested in the chamber, mast structure connected to a 
counterclockwise/clockwise rotating positioner inside the chamber, and manual 
position controller and readout display (Scientific-Atlantic Series 4100 & 1840). The 
rotating mast allowed for securely fastening the feed structure in one definite 
polarization, in this case vertical polarization, and allowed us to successfully acquire 
the beam pattern for each L-band feed. Initial positioning of the feed's direction is 
accomplished by aligning to "Bore Sight". This means that the operator manually 
·rotates the antenna through a small angular range (typically+/- 5°) to each side of the 
center position to see that the maximum gain has been attained. This is determined by 
observing the network analyzer display for maximum upwards deflection of the 
signal ( as close to OdB loss as possible). 
Once verifying that a particular degree angle of the rotor position of the 
antenna shows maximum gain, the angle offset switches are set to make the digital 
display read 0.000 degrees (corresponding to the position of the feed) on the display. 
Once the test starts, it is important to close the anechoic chamber door to avoid any 
errors in measurement. Numerical performance data was acquired at every five 
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degrees of one cycle (360°) of rotation for the frequencies of 1.3GHz, 1.421GHz, and 
1.648 GHz so as to cover, respectively, the L-band lower limit, frequency emission of 
hydrogen (H(I) regions), and the L-band upper limit. The numerical values found at 
every five degrees were recorded manually using Microsoft Excel. The results were 
recorded, plotted, analyzed, and done a second time for assurance of numerical data 
collected, there was no need to test more than twice as both initial test of each L-band 
feed resulted in numerically identical feed data and plots in the second trials. 
Anechoic Chamber 
The anechoic chamber, partly pictured in Appendix B, is an enclosed room 
where the walls, floor, and ceiling have been covered with acoustic absorbing 
material so as to eliminate reflections. Used in this instance to eliminate signal 
reflections and to imitate free space conditions. The anechoic chamber is used to 
simulate the far field environment, making this a far field test range. The far field is 
characterized by the fact that the angular distribution around the antenna, the 
radiation pattern, is independent of distance from the antenna. At far field, all power 
is radiated power, emanating from a source object. The anechoic chamber simulates 
this by allowing only a single source ofradiating (absorbing) power from a test 
transmitter (receiver). With the antenna under test, treat the test feeds as the power 
source and the detector horn as the receiver of this radiating power. The absorbing 
material lining the chamber allows for testing the different feeds through a complete 
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cycle ofrotation, treating each angle of tum as a uniform radiating wave front without 
outside influence upon the antenna horn's performance. 
Feed Design 
There are numerous feed designs to choose from as well as many materials. 
Both existing feeds are based on the coffee can feed design which is popular among 
radio astronomy amateurs. This design was analyzed to determine its effectiveness 
for applications of the antenna. Included in this analysis is the feed mounting which 
is significant if any alterations to the feed must be performed, i.e. drilling for bolts to 
attach the feed, which can affect the performance of the feed. Design changes to the 
feed were evaluated to optimize performance while minimizing feed degradation. The 
addition of rings, turning the cylindrical feeds into Chaparral feeds, was also 
examined for benefits in efficiency while reducing power loss due to spillover, under 
illumination, and sidelobes. In this instance, many of the differing Chaparral 
structures, differences in ring width, depth, number of rings, and position on the 
cylindrical horn, have already been tested by amateurs and professionals alike. This 
greatly reduced the amount of calculations and design alterations needed to be 
covered to find optimum change in feed design. 
Phase and Phase Center 
The illumination energy leaving the feed must not only have good amplitude 
characteristics, but also must all have the same phase. Energy that is out of phase can 
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subtract from the total radiated power, so that the effect is worse than energy which is 
simply lost, such as spillover which misses the reflector. (Wade, 2003) All the 
energy, the reflected rays from the parabolic dish surface, should reach the antenna 
feed with the same phase. For all of the energy illuminating a parabolic reflector to 
have the same phase, the energy must emanate from a single point at the focus of the 
reflector. (Wade, 2003) Aiding in this is the fact that as the feed and antenna act as 
the side of a sphere, the rays all appear to emanate from the center of a sphere, the 
phase center. In order to attain maximum amount of energy in phase and at phase 
center, the feed must be positioned such that the phase center is at the focus of the 
antenna. Taking a rule-of-thumb from optics, it can be estimated that a feed antenna 
whose phase changes less than 1/16'),,., or 22.5 ·, over the illumination angle will 
provide good performance and high efficiency. (Wade, 2003) The phase center will 
typically fall within the center of the feed horn at some distance from, inside, or at the 
aperture ( opening) of the horn. The phase position in relation to flD have also been 
calculated by amateurs and professionals alike, again greatly reducing the need to test 
altering feed designs to attain optimum performance characteristics, theoretically. 
Feed Mount 
The system in place for attaching a feed to the 24 ft antenna is virtually non-
existent. The sole infrastructure is a pole at the center of the parabolic dish hub with 
a threaded end on which to attach a feed. Once the data had been gathered for the feed 
performance and dish geometry, then the research could focus on creating a support 
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structure that places the feed in its optimum position and with the best capabilities for 
future research purposes. The pole itself is 5 ft in length and 2 inches in diameter as 
well as having 2 inches of thread. From this basis, it can then be determined what the 
feed support structure should be comprised of in terms oflocation and design for 
minimal obstruction of the dish surface and optimum phase alignment. 
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CHAPTER IV: FINDINGS AND ANALYSIS 
Dish Geometry & Performance Analysis 
The results of the dish geometry and performance calculations outlined in 
Methodology are shown in Tables 4.1 - 4. 7. All values, except for physical 
dimensions, are theoretical performance characteristics. This means that the values 
calculated are under assumptions and optimal performance parameters, previously 
outlined in Methodology. The actual performance results may vary, but should be 
within reasonably tolerable ranges provided that constants remain unchanged. As can 
be seen from the tabulations, the angle from center to edge of dish, 0o, is equal to 
67.38 degrees or approximately 67.5 degrees. This value, pre-assumed and now 
validated through calculations, helps to evaluate the antenna feed illumination 
patterns. This is further discussed in the comparison of the feeds starting on Page 53. 
Also of importance are the wavelength of dish, Ao, and wavelength of feed, AA, values 
that were used in feed design analysis, discussed starting on Page 58. 
Table 4.1 is for L Band, Table 4.2 shows the result of a 1 OdB edge taper, 
Table 4.3 and 4.4 show the actual feed taper averages measured at 1420 MHz in 
Table 4.14 calculated in, and Tables 4.5 - 4. 7 calculate performance for S Band, C 
Band, and Ku Band, respectively. 
The efficiency, temperature, and gain calculations are of the most importance 
for dish geometry analysis in this section as they guide in determining where 
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improvements could be made to the dish, feed, or feed support to aid in increasing the 
overall system gain. 
Analyzing the results for the two existing feeds and other L Band calculations, 
it can be seen that the feed blockage (cbk) is about 5%, which is within reasonable 
limits. Spillover (es) is very near 0%, which means the feeds for L Band have an 
excellent edge taper (ET) and feed taper (FT). The aperture taper efficiency ( et), 
illumination efficiency ( Bi), and overall aperture efficiency (cap) are slightly better for 
Feed 2 than for Feed 1, but more importantly is the fact that both of the feeds 
maintain an overall efficiency greater than 60% which is the minimal acceptance. 
Anything less than 60% is too great a lossy-feed to be feasible for radio astronomy 
observations. Both feeds are calculated to operate around 71 % efficiency, which is 
average for an antenna feed. The optimal gain (G) for the L Band feeds would be 
approximately 40.719 dB. From the calculations, the minimal acceptable dB is 38.5 
dB whereas Feed I is calculated to offer 39.2 dB and Feed 2 to offer 39.25 dB. Once 
all temperature losses have been factored in, arrival at the G/T calculations of 
approximately 22.5 dB for 100% efficiency and 20.3 dB for 60% efficiency can be 
made. Both feeds are calculated to operate around 21 dB, neither greatly better than 
the other yet, but both above the GIT minimum. 
From these calculations it can be observed that both Feed 1 and Feed 2 are 
very similar in performance, with no clear better choice form calculations alone. The 
gain and illumination tests were able to provide a better representation of which feed 
performed the better of the two. 
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Table 4.1: Calculations at 1420 MHz, L Band 
fi'D ratio rm 0.375 
focal length f/m) 2.7375 
radius of dish r(m) 3.65 
depth of dish d (m) 1.21667 
focus to rim at center x(m) 1.52083 
focus to rim edge I (m) 3.95417 
antenna aperture A(m) 0.156 
angle center to edge O,(o) 67.3801 
beamwidth 0 (0) 134.76 
speed of Jight C (m/s) 3.00E+o8 
frequency F(Hz) 1.42E+o9 
wavelength of freq. ;..(m) 0.21112 
wavelength of dish i.n 34.5777 
wavelength of feed AA 0.73892 
free space Joss (edge) LFSE (dB) l.805E-05 -47.43 
free space loss ( center) LFsddB) 3.766E-05 -44.24 
FSL difference LD(dB) 3.194 
half-power beamwidth HP rol 1.90875 2.0244 
efficiency of antenna n (%) 0.6 
gain of antenna G (dB) 11800.247 40.719 
effective aperture A,,r(ml) 41.8539 41.854 
spherical spreading loss LsPH(dB) 3.19402 
feed taper estimate Fr,(dB) 10 
edge taper/illumination ET( dB)/EI( dB) 13.194 -13.19 
pedestal heiuht C (dB) 0.2189269 -6.597 
kfl]/k[2] 1.2179103 1.01672 
half-power beamwidth HP(O) 2.0181 1.6847 
aperture taper efficiency &t (%/dBIK) 0.80901 0.80931 0.191 3.247 
spillover efficiencv es(%/dB/JC\ 0.99158 0.0084 0.143 
illumination efficiency ti (%/dB/Kl 0.80221 0.1978 3.363 
feed blockage efficiencv tbk (%/dB/K) 0.94787 0.0521 0.886 
surface error efficiency ers (%/dB/K) 1.00016 0.99984 0.0002 0.003 
aperture efficiency &an (%/dBIK) 0.76051 0.2395 4.071 
gain of antenna G(dB) 7080.1484 38.5 8974.15 39.53 
antenna temperature TaOO 39.5666 
receiver temperature Te/Kl 26 
system temperature Tsvs /Kl 65.5666 
min. detectable temp. ATmin(K) 2.9E-26 
min. det. flux densitv ASmin (Jv) 6.4E-30 
fioure of merit G/T(dB/K) 22.5521 20.334 21.363 
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Table 4.2: L Band with IOdB Edge Taper (ET) 
ET= 
spherical spreading loss Lspu (dB\ 3.19402 10 
feed taoer estimate FTE(dB) 6.80598 
edge taper/illumination ET( dB)/EI( dB) 10 -10 
pedestal height C (dB) 0.3162278 -5 
k[l]/k]2] 1.17 1.01526 
half-power beamwidth HP (o) 2.0181 1.6823 
aperture taper efficiency &t (%/dBIK\ 0.87692 0.87 0.1231 2.092 
snilloYer efficiency ES (%/dB/K\ 0.99158 0.0084 0.143 
illumination efficiency ci (%/dB/Kl 0.86954 0.1305 2.218 
feed blockage efficiency tbk (%/dB/K\ 0.95186 0.0481 0.818 
surface error efficiencv trs (%/dB/K\ 1.00016 0.99984 0.0002 0.003 
aperture efficiency E3P (%/dB/K) 0.82781 0.1722 2.927 
eain of antenna GfdB\ 7080.1484 38.5 9768.31 39.9 
antenna temperature Ta /Kl 38.5643 
receiver temnerature TelKI 26 
system temperature Tsys 00 64.5643 
min. detectable temp. .I.Tmin rK\ 2.8E-26 
min. det. flux density .I.Smin (Jv\ 5.8E-30 
figure of merit G/T(dB) 22.619 20.4 21.798 
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Table 4.3: Feed 1 Calculations 
soherical soreadioe loss Lspu/dBl 3.19402 
feed taper estimate FTc(dB) 12.87 
edge taper/illumination ET( dB)/EI( dB) 16.064 -16.06 
oedestal height C (dB) 0.1573255 -8.032 
klll/kl21 1.2609603 1.01764 
half-oower beamwidth HP(O) 2.0181 1.6847 
anerture taoer efficienCv Et /%/dB/IC\ 0.75262 0.75478 0.2474 4.205 
spillover efficiency es(%/dB/Kl 0.99158 0.0084 0.143 
illumioation efficiency Ei (%/dB/Kl 0.74629 0.2537 4.313 
feed blockage efficiencv &bk /%/dB/Kl 0.94402 0.056 0.952 
surface error efficiencv &rs /%/dB/Kl 1.00016 0.99984 0.0002 0.003 
aoerture efficiency &ao /%/dBIK'I 0.70462 0.2954 5.021 
eaio of antenna G /dBl 7080.1484 38.5 8314.67 39.2 
antenna temoerature Ta (K) 40.3988 
receiver temoerature Te(K) 26 
system temperature Tsys 00 66.3988 
min. detectable temp. ATmin /Kl 2.9E-26 
mio. det. flux density ASmin (Jvl 7E-30 
figure of merit G/T(dB) 22.4973 20.279 20.977 
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Table 4.4: Feed 2 Calculations 
soherical soreading loss LspufdBl 3.19402 
feed taper estimate FTE(dB) 12.4125 
edge taper/illumination ET(dB)/EI(dB) 15.6065 -15.61 
pedestal height C (dB) 0.1658342 -7.803 
kfll/kf21 1.2540978 1.01751 
half-power beamwidth HP ro) 2.0181 1.6847 
aoerture taoer efliciencv &tf%/dB/K) 0.76109 0.76348 0.2389 4.061 
spillover efficiency es (%/dB/K) 0.99158 0.0084 0.143 
illumination efficiency ei(%/dBfK) 0.75468 0.2453 4.17 
feed blockage efficiencv &bk (%/dB/IC\ 0.94463 0.0554 0.941 
surface error efficiency ers (%/dB/K) 1.00016 0.99984 0.0002 0.003 
aoerture efficiencv eao (%/dB/Kl 0.71301 0.287 4.879 
gain of antenna GfdBl 7080.1484 38.5 8413.7 39.25 
antenna temperature Ta (Kl 40.2739 
receiver temoerarure TefKl 26 
system temperature Tsys 00 66.2739 
min. detectable temn. ATminfKl 2.9E-26 
min. det. flux density ASmin (Jv) 6.9E-30 
fi=e of merit G/T(dB) 22.5055 20.287 21.036 
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Table 4.5: S Band Calculations, at 3335 MHz 
ti'D ratio f/D 0.375 
focal length f/m) 2.7375 
radius of dish r(ml 3.65 
depth of dish d(m) 1.21667 
focus to rim at center x(m) 1.52083 
focus to rim edge I (ml 3.95417 
antenna aperture A(m) 0.156 
anele center to edge 0,(0) 67.3801 
beamwidth e /0) 134.76 
speed oflight c(mfs) 3.00E+o8 
frequency FfH7\ 3.34E+o9 
wavelength of freq. ).F (m) 0.08996 
wavelength of dish t.o 81.1517 
wavelength of feed ,.. 1.7342 
free space loss (edge) LFSE (dB) 3.277E-06 -54.84 
free space loss ( center) LFsc(dB) 6.838E-06 -51.65 
FSL difference LD(dB) 3.194 
half-oower beamwidth HP (0) 0.81329 0.8626 
efficiency of antenna n (%) 0.6 
gain ofantenna G(dB) 64997.198 48.129 
effective aperture A.rr (m2) 41.8539 41.854 
spherical spreading loss Ls,u(dB) 3.19402 
feed taoer estimate Ffs(dBl 10 
edge taper/illumination ET(dB)/EHdBl 13.194 -13.19 
pedestal height C (dB) 0.2189269 -6.597 
kll]/k[2] 1.21791 1.0167 
half-power beamwidth HP (0) 0.85989 0.7178 
aperture taper efficiencv &t (%/dB/Kl 0.80901 0.80931 0.191 3.247 
soillover efficiencv ts (%/dB/Kl 0.99158 0.0084 0.143 
illumination efficiencv &i (%/dB/K) 0.80221 0.1978 3.363 
feed blockage efficieocv &bk (%/dBIK) 0.9482 0.0518 0.881 
surface error efficiency ers(%/dB/Kl 1.00016 0.99984 0.0002 0.003 
aperture efficiency tap (%/dB/K) 0.76077 0.2392 4.067 
gain of antenna G(dB) 38998.319 45.9105 49447.9 46.94 
antenna temoerature Ta (TC\ 39.5626 
receiver temnerature Te(K) 26 
svstem temperature Tsvs (TC\ 65.5626 
min. detectable temp. ATmin fKl 2.9E-26 
min. det. flux densitv ASmin (Jv) 1.2E-30 
firure of merit G/T(dBIK) 29.9624 27.744 28.775 
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Table 4.6: C Band Calculations, at 6668 MHz 
ti'D ratio rm 0.375 
focal length f<m) 2.7375 
radius of dish r(m) 3.65 
depth of dish d(m) 1.21667 
focus_ to rim at center x/m) 1.52083 
focus to rim edge I (m) 3.95417 
antenna aperture A/m) 0.156 
angle center to edge 80(0) 67.3801 
beamwidth 9 (0) 134.76 
speed oflight C (m/s) 3.00E+08 
frequency FfHz) 6.67E+o9 
wavelength of freq. ,.,(m) 0.04499 
wavelength of dish '-n 162.255 
wavelength of feed '-• 3.46736 
free space loss (edge) LFSE (dB) 8.198E-07 -60.86 
free space loss ( center) LFSc(dB) l.711E-06 -57.67 
FSL difference LD(dBl 3.194 
half-power beamwidth HP (o) 0.40677 0.4314 
efficiency of antenna 11 (%) 0.6 
gain of antenna G/dBl 259832.9 54.147 
effective aperture A.rr<m2) 41.8539 41.854 
soherical spreading loss Lspu(dB) 3.19402 
feed taper estimate Ffs(dB) 10 
edge taper/illumination ET( dB)/EI( dB) 13.194 -13.19 
pedestal hefaht C/dBl 0.2189269 -6.597 
kll]/kl2] 1.21791 1.0167 
half-power beamwidth HP 101 0.43007 0.359 
aoerture taoer efficiencv st (%/dB/Kl 0.80901 0.80931 0.191 3.247 
spillover efficiency ES (%/dB/K) 0.99158 0.0084 0.143 
illumination efficiency si (%/dB/Kl 0.80221 0.1978 3.363 
feed blockage efficiencv sbk /%/dB/Kl 0.9482 0.0518 0.881 
surface error efficiency srs (%/dBIK) 1.00016 0.99984 0.0002 0.003 
aperture efficiency sao (%/dB/Kl 0.76077 0.2392 4.067 
gain of antenna G(dB) 155899.74 51.928 197673 52.96 
antenna temperature Ta fTCI 39.5626 
receiver temoerature TefK'I 26 
system temperature Tsys /Kl 65.5626 
min. detectable temp. ATmin(K) 2.9E-26 
min. det. flux densitv ASmin (Jv) 2.9E-31 
fim,re of merit G/T(dBIK'I 35.9804 33.762 34.793 
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Table 4.7: Ku Band Calculations, at 14.488 GHz 
f/D ratio f/D 0.375 
focal length f(m) 2.7375 
radius of dish r(m) 3.65 
deoth of dish d(m) 1.21667 
focus to rim at center x(m) 1.52083 
focus to rim edge I (m) 3.95417 
antenna aoerture A(m) 0.156 
angle center to edge 8,(0 ) 67.3801 
beamwidth 8 (0) 134.76 
speed oflight C (m/s) 3.00E+o8 
frequency FIH,l 1.45E+10 
wavelength of freq. A,(m) 0.02071 
wavelength of dish An 352.541 
wavelemrth offeed AA 7.53376 
free space loss (edge) L,s, (dB) l.737E-07 -67.6 
free soace loss (center) L,sc(dB) 3.623E-07 -64.41 
FSL difference LD(dB) 3.194 
half-oower beamwidth HP (0) 0.18721 0.1986 
efficiency of antenna 11 (%) 0.6 
gain of antenna G(dB) 1226647.6 60.887 
effective aoerture A.rr (m2) 41.8539 41.854 
spherical spreading loss Lsru(dB) 3.19402 
feed taoer estimate FT,(dB) 10 
edge taper/illumination ET( dB)/EI( dB) 13.194 -13.19 
oedestal height C (dB) 0.2189269 -6.597 
krtl/kl2] 1.21791 1.0167 
half-power beamwidth HP(O) 0.19794 0.1652 
aperture taper efficiency &t(%/dBOO 0.80901 0.80931 0.191 3.247 
soillover efficiencv &S (%/dB/Kl 0.99158 0.0084 0.143 
illumination efficiency &i (%/dB/K) 0.80221 0.1978 3.363 
feed blockage efficiency tbk (%/dB/Kl 0.9482 0.0518 0.881 
surface error efficiencv &rs (%/dBOO 1.00016 0.99984 0.0002 0.003 
aperture efficiency tap (%/dB/Kl 0.76077 0.2392 4.067 
gain of antenna G(dB) 735988.59 58.669 933197 59.7 
antenna temoerature TafKl 39.5626 
receiver temperature TeOO 26 
system temoerature Tsvs /Kl 65.5626 
min. detectable temp. ATmin £Kl 2.9E-26 
min. det. flux density ASmin (Jv) 6.lE-32 
fio:ure of merit G/T(dB/K) 42.7206 40.502 41.533 
Gain Measurement 
The experimental values of gain at every 5 degrees of rotation for each 
individual feed were recorded and are shown in Tables 4.8 - 4.9. 
Illumination Function 
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The illumination pattern was produced from the gain data collected for both 
antenna feeds. The data are plotted in polar coordinates of the function f(r,8) with the 
degree of rotation as "8" and the gain at that degree of rotation as "r." The 
illumination pattern is the distribution of ~nergy from the antenna feed to the dish in 
transmission mode. This same plot can be viewed in reverse to show the system as a 
receiver, the collection of energy from the dish at a specified angle. The plots are of 
each individual feed at, respectively, 1.3 GHz, 1.421 GHz, and 1.648 GHz with a 
fourth plot of all three combined. The combined plot gives a visual of how the beam 
pattern changes as frequency changes, helping to determine which feed operates best 
over the frequency range of interest. These plots can be seen in Figures 4.1 - 4.8. 
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Table 4.8: First L-Band Antenna Hom Under Test Gain by Frequency 
Angle Frequency 1 Frequency2 Frequency3 
(Degrees) 1.3 GHz 1.421 GHz 1.648 GHz 
0 0.16 0.12 -0.06 
5 0 -0.03 -0.24 
10 -0.26 -0.23 -0.57 
15 -0.72 -0.73 -1.18 
20 -1.26 -1.28 -1.84 
25 -2.01 -2.05 -2.75 
30 -2.91 -2.96 -3.82 
35 -3.81 -3.93 -5.07 
40 -4.81 -4.99 -6.51 
45 -5.97 -6.14 -7.89 
50 -7.22 -7.38 -8.97 
55 -8.71 -8.79 -9.97 
60 -10.48 -11.29 -10.27 
65 -12.15 -11.84 -13.16 
70 -13.15 -13.61 -15.27 
75 -13.78 -15.15 -16.84 
80 -14.92 -15.89 -17.77 
85 -16.56 -16.94 -18.21 
90 -17.99 -19.32 -20.25 
95 -18.91 -21.03 -23.53 
100 -20.74 -21.03 -22.98 
105 -21.46 -22.44 -25.02 
110 -20.75 -25.15 -31.44 
115 -20.32 -25.14 -26.79 
120 -20.44 -23.87 -25.41 
125 -20.55 -23.6 -25.52 
130 -21.91 -21.25 -23.41 
135 -20.72 -22.13 -24.42 
140 -21.27 -20.72 -25.84 
145 -21.47 -19.67 -29.89 
150 -19.89 -19.26 -32.97 
155 -17.45 -18.56 -27.43 
160 -15.21 -17.44 -22.01 
165 -13.56 ,-16.13 -19.09 
170 -12.52 -15.22 -17.56 
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175 -12.1 -14.88 -16.91 
180 -12.34 -15.36 -16.95 
185 -12.88 -16.11 -17.56 
190 -13.77 -16.93 -18.15 
195 -15.52 -18.37 -20.72 
200 -17.98 -19.78 -23.99 
205 -19.62 -21.25 -24.72 
210 -21.29 -23.15 -23.99 
215 -22.76 -25.44 -25.55 
220 -23.89 -25.77 -30.77 
225 -24.33 -24.55 -34.47 
230 -23.57 -23.71 -30.97 
235 -22.46 -23.91 -29.42 
240 -21.57 -24.66 -30.21 
245 -21.55 -24.33 -32.37 
250 -21.45 -22.64 -31.45 
255 -20.94 -21.67 -30.28 
260 -20.11 -21.42 -27.47 
265 -19.21 -20.66 -23.87 
270 -17.99 -19.33 -22.15 
275 -16.06 -18.05 -21.33 
280 -15.11 -16.55 -19.54 
285 -14.27 -14.86 -18.05 
290 -13.47 -13.68 -16.21 
295 -12.33 -12.41 -13.88 
300 -10.66 -10.55 -12.43 
305 -8.98 -8.85 -11.71 
310 -7.49 -7.61 -10.49 
315 -6.21 -6.38 -8.64 
320 -5.17 -5.17 -6.76 
325 -4.11 -3.97 -5.24 
330 -2.89 -2.88 -4.01 
335 -1.95 -2 -2.89 
340 -1.26 -1.35 -2.01 
345 -0.87 -0.87 -1.29 
350 -0.47 -0.41 -0.71 
355 -0.05 -0.01 -0.28 













































Figure 4.4: Radiation Patterns of First Antenna Combined 
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Table 4.9: Second L-Band Antenna Hom Under Test Gain by Frequency 
Angle Frequency 1 Frequency2 Frequency3 
(Degrees) 1.3 GHz 1.421 GHz 1.648 GHz 
0 0 0 0 
5 -0.1 -0.06 -0.06 
10 -0.22 -0.33 -0.32 
15 -0.52 -0.69 -0.76 
20 -0.95 -1.19 -1.36 
25 -1.51 -1.82 -2.11 
30 -2.23 -2.58 -2.95 
35 -3.16 -3.47 -3.76 
40 -4.33 -4.52 -4.56 
45 -5.73 -5.72 -5.43 
50 -7.25 -7.11 -6.48 
55 -8.75 -8.621 -7.94 
60 -10.13 -10.15 -9.83 
65 -11.35 -11.78 -11.65 
70 -12.14 -13.38 -12.71 
75 -12.96 -14.81 -14.11 
80 -14.14 -15.58 -16.39 
85 -15.62 -16.22 -18.67 
90 -16.65 -17.73 -20.81 
95 -17.69 -20.11 -23.57 
100 -18.97 -20.83 -22.94 
105 -20.88 -20.75 -22.04 
110 -22.48 -21.62 -24.04 
115 -23.02 -23.23 -27.23 
120 -23.13 -24.41 -28.75 
125 -22.95 -24.74 -30.01 
130 -22.51 -24.97 -33.13 
135 -21.79 -25.14 -33.54 
140 -20.98 -24.67 -28.31 
145 -19.95 -22.71 -23.41 
150 -18.65 -20.25 -20.54 
155 -17.15 -18.1 -19.17 
160 -15.74 -16.49 -18.49 
165 -14.67 -15.31 -18.05 
170 -13.99 -14.41 -17.44 
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175 -13.66 -13.95 -16.88 
180 -13.71 -13.87 -16.39 
185 -13.93 -14.62 -16.16 
190 -14.73 -15.41 -16.29 
195 -15.87 -16.81 -16.81 
200 -17.27 -18.72 -17.93 
205 -18.94 -20.92 -19.73 
210 -20.78 -22.97 -22.04 
215 -22.91 -23.74 -24.88 
220 -24.05 -25.11 -21.55 
225 -24.84 -26.56 -20.88 
230 -25.31 -28.94 -21.97 
235 -25.77 -30.44 -24.91 
240 -26.31 -27.12 -28.19 
245 -25.7 -23.51 -28.06 
250 -22.97 -21.51 -28.23 
255 -20.29 -20.75 -30.48 
260 -18.64 -20.04 -26.51 
265 -17.57 -18.72 -22.43 
270 -16.37 -17.56 -20.77 
275 -15.09 -16.88 -20.31 
280 -13.74 -15.88 -19.32 
285 -12.86 -14.88 -18.01 
290 -13.76 -12.21 -15.56 
295 -11.47 -12.28 -12.56 
300 -10.52 -10.35 -10.48 
305 -8.85 -8.82 -9.21 
310 -7.37 -7.34 -8.14 
315 -5.91 -6.02 -6.94 
320 -4.57 -4.67 -5.65 
325 -3.23 -3.43 -4.48 
330 -2.35 -2.49 -3.52 
335 -1.49 -1.72 -2.57 
340 -0.87 -1.12 -1.75 
345 -0.44 -0.63 -1.04 
350 -0.16 -0.29 -0.51 
355 0 -0.09 -0.13 






























Figure 4. 8: Radiation Patterns of Second Antenna Combined 
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Comparison & Analysis of Antenna Feeds 
The feed taper (FT) calculations are revisited in this section as well. In initial 
calculations, the actual value of FT for the feeds was unknown, but was assumed a 
minimum of 1 0dB so as to have an effective FT to minimize spillover noise. The 
illumination patterns provide the actual values of FT for the individual feeds. The 
values of interests are at the values equal to the edge of the dish angle, thus being 
interested in the values nearest to +/-67.38 degrees. To make the calculations of the 
FT at this degree, evaluate the illumination pattern at +/-67.5 degrees using linear 
interpolation, as the curve of the parabolic dish is small enough to be mathematically 
assumed as a line. This is conducted by first finding the dB value at 0, 65, and 70 
degrees. The 0 degree value is essentially "0 dB", the base, from which to subtract 
the values of 65 and 70 degrees to determine the true number of decibels that the 
value is down by at both angles. The final step is to interpolate between the values at 
65 and 70 degrees, calculated by averaging the values at both angles together. The 
values are also tabulated at -0 (360), -65 (295), and -70 (290) degrees. This is helpful 
in determining the symmetry of the antenna beam as well as verifying the first results. 
The values for both feeds are shown in Tables 4.10 - 4.13. These results are 
compared to the theoretical optimal antenna feed calculations from Table 4.1 so as to 
determine if they fit within required parameters. Table 4.14 and Figure 4.9 shows a 
comparison of both feeds at 67.5 degrees. Table 4.15 shows the decibel range 
difference for L-band, frequency maximum minus frequency minimum, l\Ild the 
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average decibel variation for the range. The maximum and minimum decibel values 
obtained from the test data at 67 .5 degrees are shown in Table 4.16. 
Table 4.10: Feed 1 (0-180 degrees) 
Formula Degrees 1.3 GHz 1.421 GHz 1.648 GHz 
A 0 -0.16 -0.12 -0.06 
B=(B-A=X) 65 -12.15 -11.84 -13.16 
X=B-A -11.99 -11.72 -13.1 
C = (X+Y)/2 67.5 -12.49 -12.605 -14.155 
D=(DsA=Y) 70 -13.15 -13.61 -15.27 
Y=D-A -12.99 -13.49 -15.21 
Table 4.11: Feed 1 (360-180 degrees) 
Formula Degrees 1.3 GHz 1.421 GHz 1.648 GHz 
A 0 -0.04 0.09 -0.17 
B=(B-A=X) 295 -12.33 -12.41 -13.88 
X=B-A -12.29 -12.5 -13.71 
C=(X+Y)/2 292.5 -12.86 -13.135 -14.875 
D =(D-A=Y) 290 -13.47 -13.68 -16.21 
Y=D-A -13.43 -13.77 -16.04 
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Table 4.12: Feed 2 (0-180 degrees) 
Formula Degrees 1.3 GHz 1.421 GHz 1.648 GHz 
A 0 0 0 0 
B=(B-A=X) 65 -11.35 -11.78 -11.65 
X=B-A -11.35 -11.78 -11.65 
' 
C = (X+Y)/2 67.5 -11.745 -12.58 -12.18 
D=(D-A=Y) 70 -12.14 -13.38 -12.71 
Y=D-A -12.14 -13.38 --12.71 
Table 4.13: Feed 2 (360-180 degrees) 
Formula Degrees 1.3 GHz 1.421 GHz 1.648 GHz 
A 0 0 0 0 
B=(B-A=X). 295 -11.47 -12.28 -12.56 
X=B-A -11.47 -12.28 -12.56 
C = (X+Y)/2 292.5 -12.615 -12.245 -14.06 
D=(D-A=Y) 290 -13.76 -12.21 -15.56 
Y=D-A -13.76 -12.21 -15.56 
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Table 4.14: 67.5 degree Comparison 
67.5 1.3 GHz 1.421 GHz 1.648 GHz Band Average 
Comparison 
Feed 1 (0-180) 
Feed 1 (360-
180) 







-12.49 -12.605 -14.155 
-12.86 -13.135 -14.875 
-11.745 -12.58 -12.18 
-12.615 -12.245 -14.06 
-12.675 -12.87 -14.515 
-12.18 -12.4125 -13.12 













----Jlr-Feed 2 (0-180) 
....,.;- Feed 2 (360-180) 
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-16 .,__ ___________ _ 
Frequency 
Figure 4.9: Charted Comparison of Feeds at 67.5 degrees, using Table 4.14. 
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Table 4.15: Feed Pattern Analysis at 67.5 degrees 
1'1dB Average(+/- Range 
Difference dB) 
Feed 1 (0-180) -1.665 -0.8325 348 :MHz 
Feed 1 (360- -2.015 -1.0075 348 :MHz 
180) 
Feed 2 (0-180) -0.435 -0.2175 348 :MHz 
Feed 2 (360- -1.445 -0.7225 348 :MHz 
180) 
Table 4.16: Feed Best and Worst at 67.5 degrees 
Max 14.875 dB 
Min 11.745 dB 
From these tables and data, it can be seen that Feed 1 performs slightly better 
than Feed 2. The feed taper at the edge is below -1 0dB for both feeds, which is good, 
but Feed 1 fits a -13dB taper which is more desirable for better efficiency. The 
sidelobe difference seen between the two feeds also suggests that Feed 1 is better 
since it has one minor sidelobe whereas Feed 2 has two minor sidelobes; more 
sidelobes means a decrease in efficiency and directivity of power and gain. A greater 
amount of power is radiated away from the dish using Feed 2 than Feed 1, too. 
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Feed Design Analysis 
The existing antenna feeds proved to perform reasonably well, but 
improvement in performance can always be made. After reviewing several 
modifications to the antenna design and previous publications of attempts of 
addressing similar issues, it was determined that a Chaparral ring addition to the 
existing feeds or newly constructed feeds would greatly improve the efficiency. On 
average, the chosen design changes added another 10-20% of efficiency over the 
simple coffee can design. 
The first assessment was of the addition of a single ring to the feed. After 
considerate deliberation, it was determined that the best single ring design was in the 
same range as purported by nearly all resources studied. The addition of a ring at 
0.15A. from the aperture of the feed was optimal placement on the feed body. A ring 
depth of 0.45A- and width of 0.6A. were concluded to be the best performing for an £'D 
in the range of 0.36-0.38, with the value of0.375 situated perfectly near mid-range, 
and with the existing antenna and dish wavelengths, approximately 0.74A- and 34.76A. 
respectively. Since the ratio of dish wavelength to antenna wavelength is so great, the 
blockage due to the addition of a Chaparral ring is not as great as if the dish had been 
smaller and thus of not major concern. With this design, it was able to be determined 
through antenna design software that the phase center should be located 
approximately -0.14A- from the aperture with a better error range estimate of -0. n to 
-0.3A. This design is estimated to increase the efficiency from around 60% to 79%, 
increase the return loss from around 17dB to 20dB, and increase.the front-to-back 
ratio from 20dB to 23dB. 
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The second design chosen was similar to the single ring option. The main 
distinct difference is that 3 rings are to be constructed instead of one. The design now 
constitutes its 0.6A width with 3 rings of 0.2A distance between them. The depth is 
reduced from 0.45A to 0.2A and the rings are resituated form 0.15A to 0.35A back from 
the feed aperture. This design keeps the phase center situated at roughly -0. IA. The 
efficiency increase is from 60% to 78%, increases return loss from 17dB to 22.5dB, 
and increases front-to-back ratio from 20dB to 28dB. 
The design dimensions for both alternate feed designs at 1420 MHz are shown 
in Table 4.17 along with a visual representation of what the feeds would look like if 
constructed in Figures 4.10 - 4.13. Of important note here is that the theoretical 
placement of the rings and actual feed dimensions can vary, even slightly, from the 
values calculated here. The ring(s) will most likely need to be manually tested first to 
determine the exact placement before a final connection of the ring(s). An alternative 
to this is to attach the ring(s) to the feed with an easily moveable system to adjust 
placement, such as a screw clamp. Figures 4.14-4.15 show detailed design views of 
the individual feeds. The measurements shown for the material thickness and probe 
size are close estimations of actual materials to be used. 
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Table 4.17: Feed design dimensions. 
Design 1 meters lambda 
Feed Diameter 0.156 0.74 
Feed Length 0.278 1.32 
Ring Diameter 0.409 1.94 
RingDepth . 0.095 0.45 
Behind Rim 0.032 0.15 
Phase Center -0.03 -0.14 
Design 2 meters lambda 
Feed Diameter 0.156 0.74 
Feed Length 0.278 1.32 
Ring Diameter 0.409 1.94 
Ring 1 Diameter 0.24 1.14 
Ring 2 Diameter 0.325 1.54 
Ring 3 Diameter 0.409 1.94 
Ring Depth 0.042 0.2 
Behind Rim 0.074 0.35 
Phase Center -0.021 -0.1 
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Figure 4.10: Feed Design 1 (Trimetric View). 




Figure 4.12: Feed Design 2 (Trimetric View). 
Figure 4.13: Feed Design 2 (Side View). 
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Figure 4.14: Feed Design 1: Trimetric View (Top Left), Side View (Top Right), Top 


























Figure 4.15: Feed Design 2: Trimetric View (Top Left), Side View (Top Right), Top 
View (Bottom Left), & Face View (Bottom Right) 
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Feed Mount Analysis 
With all performance characteristics outlined and calculated or tested, the last 
major objective was to propose a feed support structure. The existing structure is a 5 
foot/1.52 meter pole at the center of the dish. In order to position the feed aperture at 
the f/D focal length, the opening of the feed needed to be at 9 foot/2.7375 meters, a 
difference of 4 feet/1.21667 meters. Not only does the design have to be at the focal 
length, but it must also be facing the parabolic dish. This means that the design 
needed to turn and hold the feed in a 180 degree turn, from facing straight up to 
straight down at the parabplic dish. In case a third drive was desired, for polarization 
of the feed, the design also includes space for the third motor drive and drive cables. 
The feed cables would also need to be taken into account in the feed support design. 
The optimum feed support structure would not be at the center of the dish, but 
instead would support with struts corning from the edge of the dish. This would 
minimize the feed block;ige and provide greater stability to positioning of the feed. 
The design is quite a bit more challenging. When feed blockage itself is taken into 
account, center fed is better than strut support as it can avoid adding the blockage of 
support material since the feed itself in either case is blocking the same area. 
Before the support structures are shown, the drive mechanism will be 
explained in brief. It consists of a small DC drive motor which turns the gears which 
control the degree position of the feed. This degree position is maintained using an 
optical encoder that reads the position and relays it to the computer. The drive for the 
third axis is the same as the drives on the altitude and azimuth axes, only with a 
smaller DC drive motor. For a visual representation, the drive components used in 
the altitude axis and/or azimuth axis is shown in Figure 4.16. 
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Considering all these restrictions and parameters, the feed support structure 
design chosen is shown in Figures 4.17 - 4.19 and at the end of Appendix A. It is 
constructed using the aforementioned motor drive components along with a fiberglass 
mast 1 0ft(3.04m) long and just under 2in(5cm) in diameter. The fiberglass cover is 
designed to fit just over the inner feed aperture, roughly 6.18in(15.7cm) in diameter 
and 2in(5cm) in depth. 
' ~----:.&/-,_ 
Figure 4.16: DC motor drive (right) with optical encoders (left). 
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Figure 4.17: Feed Support Structure (Full View) 
l 
Figure 4.18: Feed Support Antenna Connection View (Face View) 
Figure 4.19: Feed Support Antenna Connection View (Rear View) 
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It is the simplest design that can be created but yet meets all the desired 
outcomes. The existing center mast remains intact with the addition of a fiberglass 
mast that runs from the focal point to just behind the dish at the ring hub. The DC 
motor drive, optical encoder for relaying position to the computer, and drive gears are 
placed inside this hub in an enclosed box to prevent weathering and deterioration. A 
bearing is fitted at the end of the original mast through which the fiberglass mast runs. 
This adds both weight and tum support for the feed. 
In order to connect the feed, a fiberglass cover is designed to fit over the inner 
opening of the feed. This cover serves to hold the feed while preventing the flow of 
any debris, insects, or animals into the feed. If desired, the cover could be extended 
to include the Chaparral ring or the entire feed. The design chosen here is the basic 
cover, chosen as a low cost and minimal material choice. The feed cover style would 
create a cylindrical cover over the entire feed, leaving a hole in either the side or 
bottom for the feed cables to run through. The entire cover design would be optimal 
if weathering or degradation of the feed is a concern. With any cover style chosen, 
the design adds very little weight to the mast. For a visual reference, Figures 4.20 -
4.25 show the feed support structure with the individual feed designs assembled 
together. 
Figure 4.20: Feed Support Structure with Feed Design 1 (Full View) 
e:t::;~?~·----~-------,30 
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Figure 4.21: Feed Support Structure with Feed Design 1 
Figure 4.22: Feed Support Structure with Feed Design 1 (Cross-Section View) 
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Figure 4.23: Feed Support Structure with Feed Design 2 (Full View) 
Figure 4.24: Feed Support Structure with Feed Design 2 
J 
Figure 4.25: Feed Support Structure with Feed Design 2 (Cross-Section View) 
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A hole is made just below the cover in order to allow the feed cables to run 
through the inside of the feed mast, exiting out the rear of the mast and the drive box 
which minimizes the amount of cabling needed since the cable does not wrap around 
anything for the run of the dish. If desired, support cable could also be run from the 
bearing at the end of the original mast to four points at the edge of the dish, adding 
extra support and ensuring minimal movement of the feed. This is not entirely 
necessary though as the fiberglass material chosen can withstand up to approximately 
25 pounds of weight. The weight of the entire feed and any cabling should weigh 
approximately 6 pounds at most. The feed design allows for complete 360 degree 
rotation while maintaining strength, position, and feed integrity. 
An alternate feed design that was debated is very similar to that of the one 
chosen. A _fiberglass mast is again inserted into the original mast and runs from just 
behind the dish to 7 feet outward from the dish. At this point, the mast becomes 
forked, having 4 prongs which hold a fiberglass cover for the antenna feed. All sides 
of this cover design are fiberglass except for the front end which is covered with a 
thin sheet of plastic. Where the prongs bend to tum straight, support cables are 
attached that run to their corresponding edge of the dish. With this design, the motor 
drive is contained within the feed cover. This design was more stationary, stable, and 
protective of the feed, but was ultimately abandoned as it was deemed too bulky as 
well as having increased materials and weight. 
The design ultimately chosen is also a good fit for higher frequency bands. As 
the frequency bands go up, the size of the feeds goes down. This allows for 
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developing smaller feed covers and keeps their structures as minimal as possible. The 
design also takes into consideration that the area just under the feed will always be 
blocked and thus unable to collect energy like the rest of the dish. The design is not 
as strong or resistive to movement as its edge support counterparts, but is just as 
effective. The measurements shown for the material thickness and probe size are 
close estimations of actual materials to be used. Most notably, the mast support 
material is shown thin so as to better highlight the cross section view but would be 
much thicker for increased support in actual construction. 




It was identified early on that the existing feeds for the 24ft parabolic reflector 
dish had only been tested but had never been analyzed as well neither had the 
geometry of the dish been analyzed. In order to attain a maximally performing dish, 
the dish geometry, antenna feed, and horn geometry must all be as near to calculated 
perfection as possible. In order to resolve these issues, dish geometry, feed placement 
and support structure, and horn geometry were all evaluated either empirically or 
theoretically. The original research tested the existing feeds at L Band frequencies, 
calculated antenna characteristics at L, S, C, and Ku bands, and proposed a feed 
support structure. In addition, any design changes to the existing feeds or additional 
· feed designs were theoretically tested to suggest improvements that could aid in 
antenna performance. 
The initial research conducted empirically made use of an anechoic chamber 
and supplemental test equipment. These tests included voltage standing wave ratio 
(VSWR) and illumination function of the individual antennas. In conjunction, the 
theoretical performance characteristics were calculated for the 24 ft parabolic dish at 
L, S, C, and Ku band as well as for Feed 1 and Feed 2. Comparison of the theoretical 
L Band dish performance with the experimental L Band performance of the 
individual horns provided a thorough examination of their benefits and hindrances as 
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a chosen operational feed. Additionally, modifications to the existing feeds, or the 
complete construction of differing feeds, were proposed that could maximize on the 
results collected from this research in order to have an operational feed that best fit 
the parameters determined by the theoretical calculations and test results. Once feed 
designs were completed, the research was then able to move to the feed support 
structure. The support needed to be as minimal in dish blockage as possible while 
being as sturdy and centered at the focal point of the dish as possible. 
Conclusion 
From the various tests and calculations conducted in the process of this 
research, a thorough examination of the existing candidate feeds aided in determining 
if they were capable of being used with the 24 ft parabolic dish. The results 
concluded that both feeds are within operational parameters that fit the dish geometry 
at L Band, with Test Feed 1 being preferred over Test Feed 2. Various alterations to 
design were also analyzed, which resulted in two redesigns or additional feed 
constructions. The first design was a single ring Chaparral style. The second design 
was a three ring Chaparral style. Both changes to feed design offered an 
improvement in efficiency and gain. At the end, a feed support structure was 
proposed to complete the feed design. Multiple restrictions and operational 
parameters aided in reducing the design contemplations. The end result is a central 
feed support that is fairly sturdy, lightweight, and meets all the design needs to 
minimize impact on performance. Overall, the research was a great success, 
especially in feed comparisons and dish geometry calculations. This thesis will 
undoubtedly aid in any future work on the 24 ft parabolic dish. 
Recommendations 
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Of interest to the researcher is designing additional feeds to operate at 
additional frequencies for the 24 ft parabolic dish, namely in the S, C, and Ku Bands. 
These feeds will greatly increase the research possibilities of this dish as well as · 
increasing its future objective of being included in interferometer research with the 21 
M STA. With the feeds used in this research and any additional feeds, the 
development of a robust operational network and system is important. To date, there 
is no way of acquiring data with the 24 ft antenna or a feed network to connect to the 
feed horn. The antenna is still under construction as it is mostly reliant on student 
research and contributions to the system, so the development of a data acquisition 
system is of dire importance for any future use or research conducted with the 
antenna. Once a data acquisition system and any other construction needs of the 
antenna are completed, it is then desired that the feeds tested in this research are then 
tested against their actual field performance. This will aid in determining any system 
faults or dish flaws which are calculated into, and can be aided in determination from, 
the results of this research. 
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APPENDIX A 
24 ft Parabolic Dish Antenna Site 
Work 
Work Conducted 
Late 2008 - Mid 2009 
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APPENDIX A: Antenna Site Work 
Site Selection - 21 MSTA at Center, 24ft antenna site at Top-Left 
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Cabling/Site Map 
Proposed Site of 24 ft Antenna Constrnction (Next Page) 
The dashed circle represents the area desired for proper antenna motion. This is the 
minimum area that must be leveled to form a solid foundation for the site. The black 
square represents the concrete foundation for the 24 ft. antenna. The blue dashed 
rectangle represents an area roughly 40'x 50' which must be graded to a level surface 
in order to establish a secure antenna foundation and working area. The dotted purple 
line represents the proposed placement of data lines for the 24 ft. antenna. A trench 
will need to be dug from the existing tie in at the 21 meter antenna control box to the 
24 ft. antenna site. The same conduit exists that has been run underneath the parking 
lot terminating at the west side of the driveway. The new conduit will need to tie in 
at this terminating point shown in the picture below. The dotted green line represents 
the proposed placement of power lines for the 24 ft. antenna. A trench will need to be 
dug from the nearby power box directly to the site. 
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First Stage of Dish Construction - Inner 9ft 
. -
Completed 24ft Dish-Awaiting Attachment by Crane to Finished Base Structure 
Concrete Base Design 
Side View 
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Computer Model of Dish with New Feed Design aud Feed Support 
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APPENDIXB 
Test Equipment Photos 
APPENDIX B: Test Equipment 
' Alternate View of Test Area and Equipment (Anechoic Chamber at Right) 
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Antenna Under Test on Pedestal Inside Anechoic Chamber 
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First Test L-Band Antenna Hom (Aperture View) 
First Test L-Band Antenna Hom (Side View) 
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Second Test L-Band Antenna Horn (Aperture View) 
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Second Test L-Band Antenna Horn (Side View) 
